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Introduction

One potential and highly debated implication of global change is an
alteration in the dynamics of soil C in terrestrial ecosystems (Rogers et al.,
1999). This potential change in soil C dynamics is important not only
because of a possible mitigating effect on rising atmospheric CO; concen-
tration, but also because of its influence on quality of soil organic matter.
Ultimately, the rate and extent of turnover of organic C produced in an
elevated CO, environment will control C storage in terrestrial ecosystems
(Van Veen eral., 1991). _

The decomposition of crop residue inputs is a fundamental component
in the turnover of soil organic C which is dependent on several crop,
soil, management (i.e. tillage practices) and climatic factors (Potter ez al.,
1998). Plant factors controlling decomposition such as age, size, chemical
composition and residue C : N ratio (Ghidey and Alberts, 1993) may be
affected by changing CO; level (Torbert er al., 1995; Prior er al., 1997a).
Research considering the effect of elevated CO; on crop residue decompo-
sition suggests that COs-enriched cropping systems may store more soil C
(Torbert er al., 1995, 1998; Prior et al.,, 1997b). Even if decomposition
rates of plant components (produced under elevated CO3) are not changed,
residue decomposition products may impact soil N dynamics (Torbert
et al., 1995, 1996, 1998).

Residue decomposition is a microbial-driven process and soil tempera-
ture is an important factor controlling decomposition, thereby influencing
soil C dynamics. Thus, potential changes in soil temperature due to global
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warming could have important effects on soil C cycling (Smith ez al., 1999).
Studies have shown that increased soil temperature will affect soil nutrient
cycling in agroecosystems (Buyanovsky et al., 1986). Also, temperature was
shown to be the climatic factor that most closely explained the rate of soil C
accumulation due to removal of soil tillage in agroecosystems (Potter ez al.,
1998). Few studies have examined the interaction of elevated CO,; with
changes in soil temperarure. Qur objective was to conduct an incubation
study to evaluate how changes in soil temperature influence C and N
cycling of soil collected from soybean and grain sorghum cropping systems
after 5 years of elevated CO, treatment.

Materials and Methods

Soil samples were collected from a 5-year CO; enrichment study conducted
in an outdoor soil bin at the USDA-ARS National Soil Dynamics
Laboratory in Auburn, Alabama, USA. The bin was 2 m deep, 7 m wide
and 76 m long, and was filled uniformly with surface soil of a Blanton
loamy sand (loamy, siliceous, thermic Grossarenic Paleudult) that had
been fallow continuously for > 25 years. Fertilizer and lime additions were
used to maintain soil conditions within a normal range for crop production.
To ensure adequate plant growth, fertilizer N was broadcast applied at a
rate of 34 kg N ha~! to the grain sorghum (Sorghum bicolor (1..) Moench)
and soybean (Glycine max (L.) Merr.) crop shortly after planting. An
additional 67 kg N ha~! was applied to grain sorghum 30 days after
planting. All plots were managed under no-tillage conditions.

This study had a split plot design with main plots of two crop species
and two COj; levels as sub-plots replicated three times. Soybean and grain
sorghum were chosen to provide legume and non-legume species that are
widely produced in agroecosystems. Open-top field chambers (Rogers
et al., 1983) were used to impose CO; regimes (365 and 720 ul I-1), Har-
vests consisted of grain sorghum head and soybean pod removal and
threshing with a plot combine. Plant stalks were cut (15 cm length) using
hedge clippers and uniformly applied to plots.

To determine soil C and N cycling, sieved soil samples were weighed
(25 g dry mass basis) and placed in plastic containers; deionized water was
then added to adjust soil. water content (soil water content equivalent to
—20 kPa at a bulk density of 1.3 mg m~3). Sample containers were placed in
sealed glass jars with 20 ml of water (humidity control) and a 15 ml vial
of 1 M NaOH (CO; trap), then incubated in the dark at temperatures of
20, 25, and 30°C. Treaunent samples were removed after 30 and 60 days,
Carbon dioxide in NaOH traps was determined by titrating excess base
with 1 M HCI in the presence of BaCl,. The cumulative CO, emissions
after 30 and 60 days incubation were calculated by the difference between
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CO,-C captured in sample traps and in blanks (glass jars with no soil). The
CO; emissions divided by total soil organic C were used to calculate C
turnover. Soil inorganic N (NO3-N and NH4-N) was extracted with 2 M
KCI and measured by standard colorimetric procedures using a Technicon
Autoanalyzer II (Technicon Corp., Tarrytown, New York). The net N
mineralization was the difference between the final and initial inorganic
N contents for the incubation.

Statistical analyses of data were performed using the mixed procedure
of the Statistical Analysis System at an established a priori level of P< 0.10
(SAS, 1996). The term ‘trend’ is used to designate appreciable, but
non-significant, treatment effects which differed at the 0.10 < P < 0.20

level.

Results and Discussion

For both crop species, elevated CO; resulted in a significant increase in
the residue mass returned to plots (Torbert et al., 1997), resulting in a
significant increase in total C and total N (0-5 cm soil depth) after 5 years
(Table 4.11.1). At the 5-10 cm depth, a similar trend for an increase in
total N was observed under elevated CQ,;, but not with total C. The
increased retention of N in the soil system in the elevated CO; treatment
resulted in a significant reduction in the C : N ratio for soil under soybeans
at the 0-5 cm depth, and for both the sorghum and the soybean at the
5-10 cm depth (Table 4.11.1). The high C : N ratio at both depths and
the significant difference between treatments indicated that the soil C was

in an unsteady state (Table 4.11.1).

Table 4.11.1.  Effect of plant species and atmospheric CO, level on soil total C (g kg™*), total N
(gkg™") and C: N ratio’,

Total C Total N C : Nratio

CO, level Sorghum  Soybean Sorghum  Soybean Sorghum  Soybean

0-5¢m

Ambient 37 4,18 0.212 0.258 17,32 16.12
Elevated 4.2 5.4v 0.24° 0.36° 17.32 14,9
5-10cm

Ambient 2.32 242 0.13 0.132 18.78 18.22
Elevated 2.42 2.22 0.142 0.142 17.9 15.7°

"Values represent means of three replicates. Means within a column followed by the same letter do
not differ significantly (0.10 level).
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During the soil incubation, CO, emission, N mineralization and C
turnover were greatly affected by both time and soil depth (Table 4.11.2).
While plant species had little significant effect on CO; emission, N
mineralization was much higher with soybean compared with sorghum
at both time periods and soil depths.

Increasing temperature increased soil CO, emission, N mineralization
and C turnover at 30 days for both soil depths (Table 4.11.3). Likewise, at
60 days, increasing temperature increased soil CO; emission, N mineraliza-
tion and C turnover at the 0-5 cm depth and the N mineralization at the

Table 4.11.2.  Effect of plant species and soil depth on CO, emission, N mineralization and C
turnover', '

C mineralized (mgkg™") N mineralized (g 100g~")  C turnover (g 100 g™")
Crop 0-5cm 5-10 cm 0-5¢m 5-10 cm 0-5cm 5-10 cm
30 days |
Sorghum 1642 gea 4,68 0.82 4.0 3.6
Soybean 1742 1022 12.6° 1.6 3.8t 4.52
60 days
Sorghum 3942 2972 11.42 2.8° 10.12 12.52
Soybean 4012 2942 23.0° 4.8 8.7 12,92

'Values represent means of three replicates. Means within a column followed by the same letter do

not differ significantly (.10 level).

Table 4.11.3,  Effect of temperature and soil depth on CO, emission, N mineralization and C
turnover'.

C mineralized (ing kg™') N mineralized (g 100¢g™")  C turnover (g 100 g™')
Temperature
(°C) 0-5¢cm 5-10cm 0-5¢cm 5-10cm 0-5cm 5-10cm
30 days
20 1352 912 4.82 0.22 3.12 3.9
25 159° goab 6,320 1.63 3.8° 4.0°
30 199¢ 108° 14.7° 1.8° 4.7¢ 4.7°¢
60 days
20 3042 2992 11.62 242 7.2 12.82
25 360° 3082 14,98 3.8° 8.4 13.28
30 528¢ 2802 16.7¢ 5.1¢ 12.6° 11.92

Walues represent means of three replicates. Means within a column followed by the same letter do
not differ significantly (0.10.level).
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5-10 cm depth. No interaction between soil temperature and elevated CO,
was observed.

No significant difference was observed for N mineralization at the
0—5 cm depth between the CO, treatments, but elevated CO; resulted in
a significant reduction in N mineralization at the 5-10 cm depth for the
30-day period (Table 4.11.4). No significant difference was observed
between ambient CO, and elevated CO, treatments for CO, emission at
the different time periods and soil depths. However, because of the
increased level of soil total C present under elevated CO;, a significant
reduction was observed with elevated CO,; for C turnover at both time
periods for the 0-5 cm soil depth, compared with ambient CO, (Table
4.11.4).

Our findings indicated that the effects of elevated CO; on plant decom-
position processes observed with isolated plant material (i.e. little difference
observed between CO, emission, but a reduction in N mineralization with
elevated CO, (Torbert ez al., 1995, 1998)) could be observed with soil sam-
ples collected following a 5-year elevated CO; field experiment. Nitrogen
cycling within the plant-soil system will probably be altered with elevated
CO; and may be the controlling factor for C storage in these systems.

Results from this study indicate that nutrient cycling may be increased
in these agroecosystems with an increase in soil temperature and, since
there was no observed temperature by CO, treatment interaction, changes
in residue quality will not greatly reduce nutrient availability to growing
plants and may reduce the impacts predicted from global warming.
Furthermore, increased biomass production with elevated CO, will
probably result in increased soil C storage since no significant increase in
CO; emission was observed and a significant reduction in C turnover was

Table 4.11.4.  Effect of atmospheric CO, and soil depth on CO, emission, N mineralization and C
turnover’,

| C mineralized (mg kg~') N mineralized (g 100 g™ C tunover (g 100 g™)

CO, level 0-5cm 5-10cm 0-5cm 5-10cm 0-5cm 5-10cm

30 days

Ambient 1582 1042 8.62 1.5 412 4.42
Elevated 1712 912 8.5% 0.9° 3.6° 4.00
60 days

Ambient 3878 3062 16.78 3.98 10.02 12,92
Elevated 4072 2852 17.78 3.7 8.8 12.52

Walues represent means of three replicates. Means within a column followed by the same letter do
not differ significantly (0.10 level).
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found under conditions of elevated CO,. The potential impact of elevated
CO; on soils of agroecosystems may be important for the future manage-
ment and productivity of these systems because small improvements in soil
organic C can have important positive influences on soil physical properties
such as soil hydraulic conductivity, soil bulk density, soil porosity, soil
aggregate stability, soil water retention and rainfall infiltration.

Acknowledgements

The authors are indebted to Robert F. Chaison, Barry G. Dorman and
Tammy K. Dorman for technical assistance. Support from the Office of
Biological and Environmental Research/Environmental Sciences Division,
US  Department of Energy (Interagency Agreement No.
DE-AI05-95ER62088) and the Alabama Agricultural Experiment Station,
Auburn University, is gratefully acknowledged.

References

Buyanovsky, G.A., Wagner, G.H. and Ganrtzer, C.J. (1986) Soil respiration in a
winter wheat ecosystem. Soil Science Society of America Journal 50, 338-344,

Ghidey, F. and Alberts, E.E. (1993) Residue type and placement effects on
decomposition: field study and model evaluation. Transactions of the American
Sociery of Agriculture Engineers 36, 1611-1617.

Potter, K.N., Torbert, H.A., Jones, O.R., Matocha, J.E., Morrison, J.E. Jr and
Unger, P.W. (1998) Distribution and amount of soil organic carbon in
long-term management systems in Texas. Soil and Tillage Research 47,
309-321.

Prior, S.A., Rogers, H.H., Runion, G.B., Torbert, H.A. and Reicosky, D.C.
(1997a) Carbon dioxide-enriched agro-ecosystems: influence of tillage on
short-term soil carbon dioxide efflux. Fournal of Enuvironmental Quality 26,
244-252,

Prior, S.A., Torbert, H.A., Runion, G.B., Rogers, H.H., Wood, C.W., Kimball,
B.A., LaMorte, R.L., Pinter, P.J. and Wall, G.W. (1997b) Free-air carbon
dioxide enrichment of wheat: soil carbon and nitrogen dynamics. Fournal of
Environmental Quality 26, 1161-1166.

Rogers, H.H., Heck, W.W. and Heagle, A.S. (1983) A field technique for the study
of plant responses to elevated carbon dioxide concentrations. Air Pollution
Control Association Fournal 33, 4244,

Rogers, H.H., Runion, G.B., Prior, S.A. and Torbert, H.A. (1999) Response of
plants to elevated atmospheric CO,: root growth, mineral nutrition, and soil
carbon. In: Luo, Y. and Mooney, H.A. (eds) Carbon Dioxide and Environmental
Stress. Academic Press, San Diego, California, pp. 215-244.

Smith, 8.D., Jordan, D.N. and Hamerlynck, E.P. (1999) Effects of elevated CO,
and temperature stress on ecosystem processes. In: Luo, Y. and Mooney, H.A.



Effect of Elevated CO, and Temperature 315

(eds) Carbon Dioxide and Environmental Stress. Academic Press, San Diego,
California, pp. 107-137.

SAS Institute, Inc. (1996) SAS System for Mixed Models. Statistical Analysis System
(SAS) Insdtute, Inc., Cary, North Carolina.

Torbert, H.A., Prior, S.A. and Rogers, H.H. (1995) Elevated atmospheric CO,
effects on cotton plant residue decomposition. Soil Science Society of America
Fournal 59, 1321-1328.

Torbert, H.A., Prior, S.A., Rogers, H.H., Schlesinger, W.H. and Mullins, G.L.
(1996) Elevated atmospheric carbon dioxide in agro-ecosystems affects
groundwater quality. Journal of Environmental Quality 25, 720-726.

Torbert, H.A., Rogers, H.H., Prior, S.A., Schlesinger, W.H. and Runion, G.B.
(1997) Elevated atmospheric CO, in agro-ecosystems effects on soil carbon
storage. Global Change Biology 3, 513-521.

Torbert, H.A., Prior, S.A., Rogers, H.H. and Runion, G.B. (1998) Crop residue
decomposition as affected by growth under elevated atmospheric CO;. Soil
Science 163, 412-419,

Van Veen, J.A., Liljeroth, E., Lekkerkerk, I..].A. and Van de Geijn, S.C. (1991)
Carbon fluxes in plant-soil systems at elevated atmospheric CO, levels.

Ecological Applicarions 1, 175-181.





